Abstract: Sustaining biodiversity as well as taking advantage of the natural environment's resistance are the key elements which should be considered when designing integrated plans for the protection of hazelnut groves. An effort has been made in this study to analyse the impact of different soil cultivation methods in hazelnut groves, on the species composition and number of individuals in carabid assemblages (Coleoptera: Carabidae). Another aim was to determine which method of inter-row soil management had the least negative effect on assemblages of these beetles. Because of the type of habitat, the xerothermic species characteristic for southeastern Europe, i.e. Calathus ambiguus, Poecilus lepidus, Harpalus calceatus, and H. griseus, were the most numerous. The qualitative and quantitative analysis of the captured individuals implied that the optimal soil tillage system in young hazelnut groves is when soil is kept fallow with machines or chemicals, or when soil is covered with manure. The least favourable practice for the appearance of ground beetles of the Carabidae family is the use of polypropylene fabric, bark or sawdust, to cover soil.
Introduction
Hazelnut shrubs (Corylus sp.) are grown in many countries worldwide so that the nutritious, tasty nuts can be harvested. In 2010, the global yields of hazelnuts ranged around 900,000 tons (FAOSTAT 2012) . Major producers are countries in the Black Sea basin. Most hazelnuts are produced in Turkey (66.6% of the world's production), Italy, Azerbaijan, Georgia, and in the United States. In Poland in 2010, hazelnut yields reach about 2,500 tons. A growing interest in this plant is mainly stimulated by the decreasing profitability of apple orchards compounded by the fact that apples are increasingly more difficult to sell. A hazelnut grove needs half the labour input compared to an apple orchard, and nuts -unlike apples -do not have to be stored in cool rooms (Gantner 2010) .
Nowadays, growing hazelnuts is a matter of a trade--off between the volume and quality of yields which the farmer considers satisfying and the negative consequences caused by the application of fertilisers and pesticides. These assumptions are realised through the breeding progress, improved inter-row soil tillage technologies (weed control), and efforts made to use the resistance of the natural environment to minimize the gradation of pests which attack hazel shrubs. Weed control in hazelnut groves, especially young ones, is necessary to ensure a good supply of water and nutrients to hazelnut plants and facilitate the harvest of the nuts. Weed control is most often carried out using herbicides (glyphosate) and mechanical weeding. The high costs of agrochemicals as well as the risk of some weed species becoming resistant to herbicides encourage a search for new technologies to maintain inter-rows in hazelnut groves. Alternative treatments include growing grass swards and mowing, or covering the soil with various types of litter which prevents the growth of weeds (Mennan et al. 2006) .
Sustaining biodiversity and using the resistance of nature, which to a large extent depends on predatory species, are the key components that should be included in integrated protection plans for this perennial crop (Santiveri et al. 2005; Scortichini et al. 2005) . Ground beetles (Coleoptera, Carabidae) are a group of useful invertebrates, living numerously in the rural landscape. They are a predominantly predatory species. Their diet is composed of small invertebrates that often act as pests on cropped fields and horticultural farm fields (Kromp 1999; Oberholzer et al. 2003; Funayama 2011) . Therefore, carabid beetles are considered an important component of integrated pest control methods. These beetles are regarded as important natural pest control agents (Kromp 1999) . It should be pointed out, that Carabidae are sensitive to a range of crop production practices. It is very important to know how specified plant production systems affect ground beetle assemblages (Holland and Luff 2000; Twardowski et al. 2006) . Carabidae also serve as bioindicators in studies designed to identify changes. These are changes which occur, for example, in an agricultural biocenosis in response to crop production factors and production intensity (Holland and Luff 2000) .
Areas overgrown with trees, like hazelnut groves, are the sites where numerous useful animal species find refuge, e.g. small mammals and predatory arthropods, including a large group of the ground beetles Carabidae (Testa and Zapparoli 1994; Klaa et al. 2005; Guidone et al. 2008) . This is the reason why hazelnut groves are a valuable component of an agricultural landscape, dominated by monocultures of crops. Different inter-row soil tillage technologies in hazelnut groves may affect the presence of Carabidae, whose existence is closely related to the soil environment. The objective of this experiment was: 1 -to determine the species composition and abundance of Carabidae dwelling in a hazelnut grove in north-eastern Poland, 2 -to find out how the management methods used in the grove affect assemblages of ground beetles, 3 -to decide which of the inter-row soil tillage techniques had the least negative effect on the assemblages of these beetles.
Materials and Methods

Research area and design of experiment
The experiment was started in 2006, in the village called Tuszewo, located in northeastern Poland (UTM DE12). It was set up in a commercial hazelnut grove covering 1.5 ha. Trees of two varieties, Halle and Kataloński, were planted in single rows, at distances of 5 × 2 m (1,000 trees · · ha -1 ), with rows running in a west-easterly direction. Trees were trimmed to grow low with a spindle-shaped crown. The sandy soil had a content of floatable particles equal to 5.7%. An area of 0.4 ha was set out for the experiment (0.06 ha for each treatment), in which different techniques were tested on the soil of the rows of trees. The techniques included: mechanical fallow -the control (C), herbicide fallow (HF), manure (M), bark (B), sawdust (SD), and black polypropylene fabric (F). In the control treatment, soil tillage consisted of mechanical weed removal with a soil cultivator to the depth of 5 cm. This treatment was repeated four times in a season (the first decade of May and June, half of July, and the third decade of August). In the herbicide fallow, weeds were controlled with a mixture of preparations: Roundup 360 SL (glyphosate) at a dose of 5 l · ha -1 and Chwastox 450 SL (2-methyl-4-chlorophenoxyacetic acid) at a dose of 1.5 l · ha -1 . The treatment was performed twice in a season: in the second decade of May and in the first decade of August each year. The tested types of soil cover were spread on the soil in spring 2006, before the plants began growing. A strip of soil 1.2 m wide between two rows of trees, was covered. Organic litter (manure, bark, sawdust) made a 10 cm thick layer. Bark and sawdust (fresh) originated from coniferous trees. Once the said litter had been spread on the soil, an additional dose of nitrogen (50% higher than the applied one) was sprayed. The soil between the rows of the hazelnut trees was kept as bare fallow using a soil cultivator and harrow.
Carabid sampling
Carabids were captured in two seasons in the years 2007 and 2008. In 2007, traps were placed in holes in the soil on 21 April and removed on 8 December. The traps were exposed for 210 days. In the following year, Carabidae were sampled for 196 days, from 5 May to 8 November. Epigeic species of ground beetles were caught using modified Barber soil traps, which is a widespread technique in such studies (Kotze et al. 2011) . The traps were filled to a third of their capacity with ethylene glycol. A few droplets of detergent were added to the ethylene glycol to lower the surface tension. Plastic containers 130 mm high and 90 mm in diameter, with a capacity of 500 ml, served as traps. The traps were placed in the ground so that the upper edge of each container was level with the surface of the ground. A little roof was installed above each trap to prevent excess rainfall flowing into the jar, diluting the solution and causing the traps to overflow. Six traps in a row between the trees, set 10 m from one another, were placed on each of the six experimental plots. The traps were emptied every 14 days, when the conserving mixture was supplemented and the beetles found in the traps were put into containers with 75% ethanol.
Data analysis
The collected material was species identified with the key by Hůrka (1996) , using the terminology proposed by Aleksandrowicz (2004) . The captured Carabidae individuals were then analysed with respect to the species composition, abundance, and dominance structure. The following dominance classes were distinguished: eudominants (> 10% of individuals in a assemblage), dominants (5.1-10%), subdominants (2.1-5%), recedents (1.1-2%), and subrecedents (< 1%) (Górny and Grüm 1981) . The expected species number in all treatments was estimated using the Jackknife estimation technique of species richness (Zahl 1977) . The randomisation of samples was achieved using statistical software EstimateS v. 9.1.0 (Colwell 2005) . The ecological specification of the captured beetles was made according to their feeding demands (Szoo -small zoophages, Mzoo -medium zoophages, Lzoo -large zoophages, Hzoo -hemizoophages, Phy -phytophages), habitat requirements (OA -open area, Eu -eurytopic, Ri -ripicolous, F -forest), preferred humidity (Xe -xerophilic, Mxe -mesoxerophilic, M -mesophilic, Mhymesohygrophilic), and type of development (A -autumn breeders, S -spring breeders), and was referred for this purpose to Larsson (1939) , Sharova (1974) , Thiele (1977) , Lindroth (1985 , 1986 ), and Aleksandrowicz (2004 . When analysing the results, the following indices were used: the Shannon species diversity index (H') and the Pielou evenness index (J'). Similarities between the carabid assemblages in the analysed hazelnut grove variants were assessed using cumulative hierarchical clustering with the Bray-Curtis similarity measure. Differences between the means were assessed with a single factor analysis of variance (ANOVA). The achieved means from treatments (for tested indices) were set in homogenous groups using the Tukey's test (HSD) of significance (p < 0.05). Each homogenous group, which gathered means with no statistical differences between one another, was assigned an identical letter: a, b, c, etc. Groups of means assigned different letters were statistically significantly different.
The evaluation of dependences between the presence of specific ecological groups of Carabidae and the soil maintenance technique on a hazelnut grove was accomplished with ordination techniques (Ter Braak and Smilauer 1998) . The principal component analysis (PCA) was applied because the distribution of the analysed data was linear. All statistical computations and their graphic presentation were completed with the aid of Statistica 8.0 and Canoco 4.51 software.
Results and Discussion
In total, 9,154 individuals of Carabidae, representing 61 species, which corresponds to around 25% of the species identified in northeastern Poland, were captured during our two-year-long experiment (Aleksandrowicz et al. 2003) (Table 1) . The hazelnut grove, compared to other similar habitats in this part of Poland (e.g. apple orchards, willow groves, groups of trees between fields) was characterized by a higher level of species richness and number of captured carabid individuals (Kosewska et al. 2010; Nietupski 2012) . However, the actual species richness of a carabid assemblage in a given grove may depend on the wildlife diversity of adjacent habitats (Deuschle and Glück 2008) . The dynamics of Carabidae captures in 2007, is illustrated in figure 1, which shows two peaks of activity (spring and autumn), characteristic for populations of ground beetles in this part of Europe (Larsson 1939) . The carabid beetles were active until the first decade of December (no snow cover) on the control plot (Amara ingenua, Asaphidion flavipes, Calathus melanocephalus, and Trechus quadristriatus) and on soil covered with fabric (Bembidion femoratum, C. ambiguus, and C. melanocephalus). Beetle activity in these treatments was most probably prolonged because of the better thermal conditions and because food was still available (Jaskuła and Soszyńska--Maj 2011). The vernal peak activity in 2008 was less evident, but also occurred earlier than in the preceding year.
The species richness of the Carabidae assemblages from the examined treatments, was submitted for analysis based on the rarefaction method. This method enables one to determine the expected value according to the distribution of samples. Samples are randomised and, based on their randomisation, cumulative curves for the analysed parameter are drawn. The course of the rarefaction curves indicated that the highest number of expected species was confirmed for the treatments HF, C, M, and SD, fluctuating within the range of 58 species. When the soil in the rows of trees was covered with bark or fabric, the number of expected species fell to about 40 (Fig. 2) . In all the tested treatments, during the two years of the experiment, the most numerous species was C. ambiguus, classified as an eudominant and contributing between 29.7 and 54.5% to the analysed assemblage (Table 1) . This species is characteristic for open and dry areas, for example cropped fields on sandy soils (Lindroth 1986 ). Another eudominant species was C. fuscipes. It is an eurytopic, open-area species. It was numerous in the manure treatment because it prefers soil richer in organic matter (Lindroth 1986 ). Besides, manure creates the type of habitat where this extremely predatory beetle is more likely to find prey. The group of dominants was composed of seven species characteristic for open and dry areas (except Harpalus rufipes, which is mesophilic). The species C. cinctus, appeared in all the variants and was the only dominant species in the HF treatment, while in the B and SD variants, C. cinctus was accompanied by H. griseus. In the variants where soil was covered with M, these two species were joined by H. rufipes, while in the variant with F, they co-occurred with dominant H. calceatus and H. smaragdinus. Besides C. cinctus, the group of dominants in the control treatment, consisted of Broscus cephalotes and Poecilus lepidus, species frequently met on cropped fields (Hůrka 1996; Irmler 2003; Kosewska et al. 2011) . The examined assemblage of carabids comprised a large group of species, both among dominant and recedent groups, which originate from the steppes of southeastern Europe (Aleksandrowicz 2011) . These xerothermic species are typical of the continental climate. In Poland, these species usually dwell in fields on sandy soils. The species C. ambiguus, P. punctulatus, P. lepidus, H. calceatus, and H. griseus identified in the hazelnut grove, are examples (Tischler 1971) .
The number of caught Carabidae individuals was significantly (p < 0.01) different between the treatments (Table 2 ). Most specimens of the investigated carabid species during the two years of the experiment, were captured from the C and HF. These species were also quite numerous in the variant with M. The smallest number of ground beetles was caught in the variant with B in 2007, and F in 2008. Differences in numbers of caught individuals in both years of the investigations can be explained by the 'spreading of risk' hypothesis, which assumes that there is a sub-population whose abundance is varied in time and space, which gives the whole species a better chance to survive (Den Boer 1968; Schwerk et al. 2006) . A good indicator which enables us to compare numbers of captured individuals in different habitats is catchability, which expresses the average number of caught individuals into a single trap in 24 h (individuals/trap/day). The assessed value of catchability varied during the two years of observations, reaching the highest values for the HF, C, and M treatments and being the lowest on the B and F treatments. Cotes et al. (2009) demonstrated that when inter-row soil in olive groves was kept fallow, the number of ground arthropods caught into pitfall traps increased. A similar relationship was found in our experiment, namely most Carabidae individuals were captured in the control and herbicide fallow variants. This can be explained by the fact that beetles move more easily on bare ground. Other reasons could be the higher abundance and better access to food. The latter factor could have also stimulated the higher number of Carabidae in the variant with manure, which is colonised by many species of invertebrates and attracts species from other trophic groups (Garratt et al. 2011) . A higher content of organic carbon, characteristic for manure treated soils, is positively correlated with a higher species richness of epigeic Carabidae (Sądej et al. 2012) . The low values of the catchability index, relative to the years of the research, determined in the variants with bark and fabric may have been due to the low availability of food for zoophages and hemizoophages. (Duftschmid, 1812) 0 (Duftschmid, 1812) 0 (Gyllenhal, 1813) 0 C -control; HF -herbicide fallow; M -manure; B -bark; SD -sawdust; F -black polypropylene fabric The computed values of the H' and J' index in both years were the lowest for the beetle assemblage inhabiting the plot covered with B ( Table 2 ). The lowest values of the H' index were determined in 2007 for the assemblages of ground beetles in the HF and F variants, and in 2008 -for the assemblage in the M treatment. The Shannon index is higher with an increasing number of species in each analysed sample, and when the shares of identified species in a sample are more even. The species richness of Carabidae is higher in fields using the organic farming regime, where fewer agronomic and chemical treatments are applied (Carcamo et al. 1995; Kromp 1999; Hummel et al. 2002) . Our results show that keeping the inter-row soil fallow with mechanical (C) or chemical (HF) methods did not negatively affect the number of captured Carabidae species, which is confirmed by the values of H' and J' indices.
Dendrograms of similarities between Carabidae assemblages were different, respectively, for the year of the study (Fig. 3) . The strongest similarity to the carabid assemblage found in the control treatment in 2007 was identified for the assemblages from the herbicide fallow and manure treatments. In 2008, the assemblages dwelling in the bark and herbicide fallow variants were most similar to the control. The high species richness and counts of captured Carabidae individuals on mechanical and herbicide fallow imply that keeping the ground free from plants in a hazelnut grove, encourages the presence of ground beetles. This observation contradicts the results obtained in apple orchards, which suggest that there is a negative effect of herbicide applications on epigeic carabid beetles (Minarro and Dapena 2003; Nietupski 2012) . Some adverse influences of herbicides on Carabidae assemblages may occur at the moment of the herbicide application. The curve illustrating the dynam- ics of the captures of the ground beetles falls radically on a day when herbicide is sprayed but on the following observation dates, the curve reaches high values (Fig. 1) . This trend may indicate that an application of herbicide repels beetles from the area subjected to the treatment for a few days. The following year, there was no such decline in the number of caught ground beetles during the herbicide application. The lack of an unambiguously negative influence of herbicides may stem from the fact that dominant ground beetles in the analysed area were predatory species and hemizoophages, while typical phytophages were far less numerous. The PCA shows that in 2007, the control and manure variants were located near the 1st ordination axis (Fig.  4) . It was also found that a group of medium zoophages and open area species best fit to this axis. These ecological groups were distinguished by the presence of specific species, such as C. ambiguus, C. fuscipes, B. cephalotes, C. cinctus, and P. lepidus. In the herbicide fallow variant, large zoophages (including B. cephalotes) and hemizoophages were characteristic representatives of the carabids. In both years, it was possible to notice some correlation between the placement of traps on the control treatment and the capture of Carabidae which belong to small zoophages. This dependence was also noticed by Purvis and Curry (1984) during their observations on sugar beet farm fields in England. The incorporation of manure to soil as fertiliser most probably has a beneficial effect on ground beetles. The addition of manure raises the content of soil organic matter, improves soil structure, raises its moisture content, and enhances the availability of food supplies to predators (Holland and Luff 2000) . On the other hand, as manure is rather expensive to buy and apply to the soil, this soil management practice is rarely used in hazelnut groves. Our analysis of the PCA's diagrams (2007) (2008) , in relation to the distribution of the samples along the ordination axes, suggests that the Carabidae assemblages caught in the B variant are not positively correlated with the presence of any of the distinguished ecological groups. The soil surface covered with bark or fabric is a rather extreme habitat for epigeic carabid beetles. The presence of fresh, not yet decomposed bark can make the soil more acid and create suitable conditions for the reproduction and multiplication of small rodents (Billeaud and Zajicek 1989; Schmid et al. 2004 ). In turn, black polypropylene fabric can make it more difficult for beetles to gain access to food, which they find on the ground. Besides, by absorbing solar radiation, black fabric contributed to the elevating of the temperature near the soil surface, which may repel beetles active during the daytime.
Conclusions
The analysed hazelnut grove is a habitat characterised by a high richness of species and abundance of beetles which belong to the family of Carabidae. Because of the characteristics of the hazel grove (age, type of soil), xerothermic species typical of southeastern Europe, i.e. C. ambiguus, P. lepidus, H. calceatus, and H. griseus, were amply represented in the examined assemblages. In a young hazelnut groves, the best way to manage soil in order to control weeds is by keeping the soil fallow through either mechanical or chemical treatments. This type of soil cultivation has a positive effect on the species richness and counts of epigeic Carabidae, especially the ones which are classified as large and medium zoophages. Soil cover made from black polypropylene fabric, bark or sawdust is less friendly towards ground beetles.
